The objective of this study was to measure the short-and long-term elasticities of the Gross Domestic Product (GDP), productivity, prices paid to producers, milk powder imports, minimum wages, and exchange ratios in milk collection between 1999 and 2016. For the measurement, the cointegration technique for data in a balanced panel was used, contemplating five states with great representativeness in the Brazilian industrial milk collection: Minas Gerais, Paraná, Rio Grande do Sul, Goiás, and São Paulo. These states corresponded to 73.3% of all formal milk collection in 2016. Results indicated that GDP, productivity, and imports impacted long-term milk collection. Productivity and GDP were the variables with the greatest long-term impact, with elasticities of 1.395 and 1.297, respectively. Minimum wages impacted milk collection to a lesser scale, −0.802; and exchange ratio and imports showed lower coefficients, that is, 0.177 and −0.078, respectively. In the short term, minimum wages was the significant variable to explain the milk collection and presented a coefficient of −0.213. The variables with the greatest impact on formal milk collection during the period analyzed were productivity, which made the production process more efficient, and variation in the Brazilian consumer's income, represented by the GDP variable, which increased the demand for dairy products.
Introduction
Impact of economic factors on formal milk collection by the dairy industry in the main producing states in Brazil... Silva Filho and Figueira 2 Considering formal milk collection in the main producing states (Minas Gerais, Paraná, Rio Grande do Sul, Goiás, and São Paulo), these were responsible for 73.3% of all milk collected in Brazil in 2016 (IBGE, 2018a,b) .
In the literature, studies have identified and analyzed variables capable of impacting milk production in Brazil; however, there is a lack of recent studies that evaluate them together, in a quantitative fashion.
With this regard, Ferreira Junior and Teixeira (2004) studied the milk supply and found an elastic relation to price and workers and an inelastic relation to fuels. For Lopes et al. (2011) , labor type influences the costs of milk production and change the profitability of the sector. Bragagnolo et al. (2011) identified that costs of food comprise 36.6% of all costs and workers correspond to 22.6%; in addition, price elasticity was more sensitive to food. For Nascimento et al. (2012) , different productive profiles suffered different impacts from the important variables to the sector, and food was the most elastic variable found. Alves et al. (2014) studied the influence from harvest and off-season periods on production. For Silva et al. (2016) , different regions show different production results, and the results for such regions could be influenced by their development and structure.
The purpose of this study was to design a model based on the economic theory to measure the influence of economic variables on milk collection in Brazil. The variables used in the model were chosen by using the economic theory in models of perfect competition, in which there are many producers and consumers in the Brazilian milk sector, where prices are defined by the market, and there are no entry barriers. Therefore, in this structure, the supply is based on profit maximization (Varian, 2015) , as shown in Equation 1: Profit = Total revenue (p × q) -Total costs (1)
Total revenue will vary according to product price and quantity sold. Therefore, variations in price and quantity sold cause direct impacts on production. Variation in the income of the population has a direct influence on the sale quantity of a given product. As regards costs, minimum wages and input costs (exchange ratio) have an inverse impact on the profitability of the firm, thus discouraging production.
Technological advances allow to increase the volume produced with the same amount of inputs, e.g., labor. The growth of productivity encourages companies to increase the amount produced (Pindyck and Rubinfeld, 2013) .
In addition to the variables related to the microeconomic theory, milk imports were included in the model. According to Lima Filho (2017) , Brazil is historically an importing country of milk derivatives, which results in a deficit in the trade balance of country dairy products. Regarding the period from 2000 and 2016, it was only in 2007 and 2008 that the country presented a surplus in these transactions, and in 2004 and 2005, there was a balance as to these aspects. Thus, it is necessary to evaluate the impact of imports on domestic production.
The hypothesis of this study is that economic variables can interfere with milk collection in the following ways: Gross Domestic Products 1 > 0; Productivity > 0; price > 0; imports < 0, exchange ratio < 0 and minimum wages < 0.
Material and Methods
The generated models were developed using the GRETL software (GNU, 2017) . The period considered for data collection was between 1999 and 2016. Panel data 2 on the formal collection of milk 3 in the states of Minas Gerais, Paraná, Rio Grande do Sul, Goiás, and São Paulo, obtained from IBGE, were used 1 The variation of the gross domestic product synthesizes the population's income variation. 2 The model was performed in panel data, considering five of the six largest states with the highest industrial milk collection in the country. This allowed for performing the econometric analysis with a larger set of data when compared with the analysis with national data.
Impact of economic factors on formal milk collection by the dairy industry in the main producing states in Brazil... Silva Filho and Figueira 3 for the analysis in addition to economic variables related to the sector. However, these five states were responsible for 73.3% of all formal milk collection in 2016 (IBGE, 2018a,b) .
As to the model, considering the variables selected, data related to national GDP at market prices [chained index (1995 average = 100), with 2010 as reference] between 1999 and 2016 were collected from the Institute of Applied Economics. Nominal GDP was deflated to real GDP using IGP-M for December 2016 (IPEADATA, 2018) .
Information related to productivity (L/animal/year) was obtained from the data on formal collection and cattle herding as provided by IBGE (2018a,b) .
The prices paid for milk to producers were obtained from Scot Consultoria (2017 
in which y represents the exchange ratio value for each state; dx is the feed price in São Paulo; and dp is the milk price paid, considering each analyzed state. The numerical value 40 represents the feed bag weight considered.
The minimum wage values were obtained for each of the states analyzed from the Departamento Intersindical de Estatística e Estudos Socioeconômicos (DIEESE, 2017) . Such values were deflated by using IGP-M for December 2016.
The cointegration model with panel data involving the states of Minas Gerais, Goiás, Rio Grande do Sul, Paraná, and São Paulo was used to measure the long-and short-term elasticities of the following variables: Gross Domestic Product, productivity, milk price, imports, minimum wages, and exchange ratios.
The ln-ln model was used in the long-term model to measure elasticities (see more details in Gujarati and Porter, 2012) . The model used to measure the long-term elasticities can be seen in Equation 3:
in which Collection (Col.) is the dependent variable; National GDP (GDP), Productivity (Prod.), Imports (Imp.), Price (Pr.), Exchange Ratio (Rat.), Minimum wages (Wag.), and seasonal dummies D2, D3, and D4 are the explanatory variables; and u i is the stochastic error term.
In the short-term models, the elasticities were measured by using the logarithmic differences and adding the residual (Uhat) of a lag of the long-term model (μ t-1 ) (Gujarati and Porter, 2012) , as shown in Equation 4:
Both in the long and in the short term, we used contemporary variables. To choose which variables should remain in the model, several models containing different variables were compared, and the model with the lowest AIC (Akaike Information Criterion) value was selected. According to Gujarati and Porter (2012) , the Akaike test is usually used for model specification.
Some steps and tests are required by the cointegration model. The first condition is that all variables should be in the same order of integration, which are differences necessary to make the series stationary (Gujarati and Porter, 2012) . The Kwiatkowski, Phillips, Schimidt and Shin (KPSS) test was used to determine the stationarity of the series. The null hypothesis (H 0 ) predicted the model to be stationary (Kwiatkowski et al., 1992) .
Subsequently, the Engle-Granger test was used to evaluate the cointegration between the long-and the short-series (Engle and Granger, 1987; Gujarati and Porter, 2012) . The EG test can be described in two steps:
The KPSS test -to evaluate the stationarity of the series in relation to the former (Bueno, 2011) .
The Augmented Dickey-Fuller test (ADF) -for the root unit identification for the residues. The test was performed according to two models: with constant and with constant and tendency. For the choice of the best Augmented Dickey-Fuller model, including lagged values of the dependent variable, the software GRETL chose the lowest value of the Akaike Information Criterion (AIC), considering models with up to ten lags. When the root unit occurs in the analysis, it is possible to perform the KPSS test due to its grater explanatory power regarding stationarity analysis (Bueno, 2011) .
The Durbin-Watson test was also used in the study to evaluate the occurrence of autocorrelation in the long-and short-term residuals. For the test, the H 0 was that there was no autocorrelation (Gujarati and Porter, 2012) .
Results
The KPSS test was used to evaluate the model for the stationarity of the series in the long term. All series showed integration order 1 I (1), with the series being non-stationary without the incorporation of the differences (long term) but becoming stationary with the first difference (short term) (Table 1) . This is in the line with Engle-Granger's first criterion on the possibility of using cointegration models.
After using the AIC, the chosen model considered contemporary variables for national GDP, productivity, milk price paid to producers, powdered milk import, exchange ratio, minimum wages, and the dummy variables related to the quarters.
For the cointegration test (Engle-Granger test), the results of KPSS test corroborated with the first conditional (stationarity). For the second conditional, the stationarity of the Unhat1 residual was not Impact of economic factors on formal milk collection by the dairy industry in the main producing states in Brazil... Silva Filho and Figueira 5 observed by ADF 4 (Table 2) . Therefore, only the model for the state of Minas Gerais showed stationary Unhat1 residual. All other models did not reject H 0 , thus demonstrating the existence of a unit root for the residuals. For these reason, the KPSS test was also carried out with greater power to identify stationarity in the series, on the residuals of the model (Uhat1), as performed in study by Bueno (2011) . The KPSS test indicated the stationarity of the residues in all the states (Table 3) . Therefore, the second condition of the Engle-Granger test for the use of the cointegration model was accepted.
The t test results for the long-term model showed the significance, with a level of 1.0%; the significant variables for the long term were national GDP, productivity, imports, and the second quarter (Table 4) .
At the significance level of 10.0%, the significant variables were exchange ratio and minimum wages. Yet, for the short term, the significant variables, at the level of 1.0%, were minimum wages and the second quarter. The significant variables, at the level of 5.0%, were the second and third quarters. Impact of economic factors on formal milk collection by the dairy industry in the main producing states in Brazil... Silva Filho and Figueira 6 As regards elasticity, for the long term, variations of 1.0% in the growth rate of national GDP (GDP) led to positive variations in the growth rate of formal milk collection in the order of 1.297%. Variations of 1.0% in the growth rate of productivity (Prod) led to positive variations in the growth rate of milk collection in the order of 1.395%. Variations of 1.0% in the growth rate of Imports (Imp) led to negative variations in the growth rate of milk collection in the order of 0.078%. Variations of 1.0% in the growth rate exchange ratios (Rat) led to positive variations in the growth rate of milk collection in the order of 0.177%. Variations of 1.0% in the growth rate of minimum wages (Wag) led to negative variations in the growth rate of milk collection in the order of 0.802%. As to the second quarter (D2), when analyzing it in relation to the constant (Const), there was a decrease in milk collection in the order of 0.096%.
For the short term, variations of 1.0% in the growth rate of Wag led to negative variations in the growth rate of milk collection in the order of −0.213%. As to the second quarter (D2), when analyzing it in relation to the constant (Const), there was a decrease in milk collection in the order of 0.048%, and for the third quarter, there was an increase in milk collection in the order of 0.105%, while for the fourth, an increase of 0.085%.
The R 2 LSDV coefficient found for the long term was 0.941, and the R 2 coefficient inside was 0.849, that is, 84.9% of the variations in the milk collection for the panel data for the long term can be explained by the variation of national GDP, productivity, powdered milk, exchange ratios, minimum wages, and seasonality.
For the short term, the R 2 LSDV coefficient found to the long term was 0.539, and the R² coefficient inside was 0.538, that is, 53.8% of the variations in the milk collection for the panel data for the short term can be explained by the variation of minimum wages and seasonality.
According to the Durbin-Watson test, the value found for the long term was 0.829, that is, H 0 was rejected at a significance level of 1.0%, thus showing a positive autocorrelation between the residuals, Impact of economic factors on formal milk collection by the dairy industry in the main producing states in Brazil... Silva Filho and Figueira 7 a factor that was expected due to the non-stationarity of the series. For the short term, the value found was 2.172. Therefore, the short-term model solved the problem of autocorrelation of residues.
Discussion
The generated models corroborated the economic theory, since the signs of coefficients were consistent with the initial hypothesis. Variables such as GDP, productivity, imports, exchange ratio, and minimum wages were significant in the long term. In the short term, minimum wages were relevant.
The long-term variable with the greatest impact on milk collection was productivity, with a coefficient of 1.395. This means that the increase in productivity of 1% trigged more than proportional growth in milk collection during the period, with growth of 1.395%. The increase in productivity in the period was due to the investments by producers for the incorporation of new technology and management improvements.
Investment in production was the main factor considered by Marion to identify increase in cattle productivity, greater specialization, and concentration of milk production in the micro-regions of Rio Grande do Sul between 1990 and 2009 . Camilo Neto et al. (2012 , however, identified that land-related factors and higher cattle productivity were more correlated with the profitability of dairy activity than with factors related to productivity of the worker in various types of systems and sizes.
According to Vilela et al. (2017), higher productivity is mainly related to improvements in the use of production factors, such as land and labor, that is, production systems have been forced, over the years, to intensify their uses, mainly due to the high cost of variables.
The second variable with the greatest long-term impact was the national GDP variation (indicating the variation in income of Brazilians over the period), with a coefficient of 1.297, showing a change in the habits of consumers in the long term. When the income of families increases, they improve their standard of living by incorporating a greater amount of dairy products into their consumption habits, thus increasing milk collection. It is noteworthy that the decline in income generated as from 2014 also had a great impact on the consumption of dairy products and, consequently, on milk collection. The evolution of Brazilian real GDP (national GDP), deflated by IGP-M for December 2016, can be observed in Figure 1 .
Hoffmann (2010) also found a significant impact of income elasticity of demand for dairy products.
The income elasticity of demand of food products was measured using the family budget survey of 2008/2009. The income elasticities of dairy products mainly from the poorest extract and general average were milk powder (0.398;0.072), cheeses (1.059;0767), yogurt (0.900;0545), and condensed milk (1.779;0663).
Based on IPEADATA (2018). GDP -Gross Domestic Product. 1T99  1T00  1T01  1T02  1T03  1T04  1T05  1T06  1T07  1T08  1T09  1T10  1T11  1T12  1T13  1T14 1T15 1T16
x 1000 R$ Quarter Evolution of Brazilian Real GDP 0 Impact of economic factors on formal milk collection by the dairy industry in the main producing states in Brazil... Silva Filho and Figueira 8 The third variable with a long-term impact was minimum wages, with a coefficient of −0.802. Minimum wages also impacted in the short term, but to a lesser extent, with a coefficient of −0.213. Emphasis is given to the fact that the impact of minimum wages on production does not occur contemporaneously, since the model indicated a lag in the impact of wages in both the short and the long terms. In addition, the impact of minimum wages was greater in the long term if compared with the short term.
In a study conducted by Camilo Neto et al. (2012) , 81.0% of the properties studied in Minas Gerais in 2006 used contracted labor from nearby towns. According to Lopes et al. (2011) , labor cost can range from 9.06 to 17.99%. In another study, however, Santos and Lopes (2014) identified that labor in total-confinement systems may represent from 7.54 to 23.9% of the operating costs in different systems evaluated between 2008 and 2009. Still according to the authors, the difference lies in the system used and in productivity per worker, which can vary from 244 to 698 L/worker/day (Santos and Lopes, 2014) .
Thus, it is possible to understand the importance of labor in the dairy sector in Brazil and the economic impact that it exerts on the result of the activity. According to Vilela et al. (2017) , the participation of labor in the development of Brazilian agricultural production was 31.3% in 1996 and 22.3% in 2006. On the other hand, technological evolution represented 50.6% in 1996 and 68.1% in 2006, thus showing that mechanization and greater use of technologies is a major factor in production growth; however, it requires skilled labor, which is generally more expensive.
In the long term, the exchange ratio showed an impact on the milk collection, with a coefficient of 0.177. The last variable diagnosed in the long term was powdered milk imports, with a coefficient of −0.078. Therefore, although the model diagnosed the impact of imports on milk collection, the influence was less intense in relation to variables such as the productivity variation or GDP, impacting the increase in the amount of milk collected.
Brazil is historically an importer of milk and dairy products. The Brazilian import volume in 2016 was 8.2% of the total produced in the country (CONAB, 2017a,b) . Due to the perishability characteristic of dairy products, its trade in the world has a predominantly regional character. For this reason and also due to trade agreements, such as Mercosur, and mainly the price of powdered milk, which is a major product commercialized in Brazil, Uruguay and Argentina are the largest exporters to the country, reaching 90.4% of the total amount imported in 2016 (MDIC, 2017) .
According to a study by Lima Filho (2017) , increases in the price of powdered milk in the domestic market lead to higher importation rates for that product, mainly from Uruguay and Argentina. Data on Brazilian exports and imports of powdered milk (MCN 0402) between the 1999 and 2016 can be observed in Figure 2 .
Based on MDIC (2017). Impact of economic factors on formal milk collection by the dairy industry in the main producing states in Brazil... Silva Filho and Figueira 9 The last significant variable was seasonality, which had some influence over the long and short terms, in the second (−0.096) and fourth (−0.058) quarters for the long term and in second (−0.048), third (0.105), and fourth (0.085) quarters for the short term. This results from the fact that the grazing system is still predominant in Brazil and rainfall interferes with the supply of pastures, which is the most important bulk feed in this system. Therefore, with the pressure for more efficient systems, both technically and economically, improvement in productivity rates (per area, per worker, and per animal) and the use of technology have been observed over the years, which represents a change in the current production systems, with the emergence of more intensive systems and animal confinement, which decrease greater variation in milk production and collection over the months.
Conclusions
The study used the cointegration technique in balanced panel data to measure the elasticities of explanatory variables: Gross Domestic Product, productivity, milk price paid to producers, milk powder imports, exchange ratios, and minimum wages in the dependent variable milk collection in the long and short terms considering the states of Minas Gerais, Paraná, Rio Grande do Sul, Goiás and São Paulo from 1999 to 2016.
Productivity and Gross Domestic Product with coefficients of 1.395 and 1.297, respectively, were the variables with the greatest impact on milk collection in the long term. Productivity gains allowed for increasing the quantity produced with fewer increments than proportional use of the inputs. Variation of GDP is used in economic models to measure the variation in the income of the population, and it has a direct impact on the demand for dairy products.
In the long-term model, it was possible to find an inverse impact, as expected according to the economic theory, of minimum wages (−0.802) and imports (-0.078) on milk collection. The exchange ratio had a positive impact on milk collection (0.177) and presented a reverse sign, expected by the economic theory. The minimum wages impacted at −0.213 in the short-term model.
